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Water-quality, Discharge, and Biologic Data for Streams 
and Springs in the Highland Rim Escarpment of 
Southeastern Bedford County, Tennessee 
By E.F. Hollyday a&Thomas D. Byl 

ABSTRACT 

From November 1994 through April 1995, 
streams and springs in 9 drainage basins were 
observed and sampled at 176 sites to obtain infor- 
mation on environmental quality near the Quail 
Hollow landfill, Bedford County, Tennessee. 
Reconnaissance data were collected to establish a 
regional pattern. Water samples from 26 seepage 
sites were analyzed to determine water-quality 
conditions. During the reconnaissance, conduc- 
tivity ranged regionally from 17 to 617microsie- 
mens per centimeter (@/cm). The greatest bio- 
logic diversity was in Bennett Branch, followed 
by Daniel Hollow, Prince, Powell and Renegar, 
County Line, and Anthony Branches, Hurricane 
Creek, and Anderton Branch, respectively. In gen- 
eral, conductivity was less than SO@/cm at and 
upstream of the Chattanooga Shale but increased 
downstream to between 200 and 300pS/cm. Of 
the constituents and properties analyzed, only pH 
and four metals at six sites had values that were 
not within the limits set by the State of Tennessee 
for drinking water. Chloride and dissolved man- 
ganese concentrations were highest for a spring 
and a seep adjacent to the landfill. Scans indicated 
the presence of about 37 unidentified organic 
compounds at these same two sites. 

INTRODUCTION 

The Bedford County Solid Waste Authority 
(BCSWA) currently (1995) monitors materials placed 
in the Quail Hollow landfill located between Shelby- 
ville and Tullahoma, Tennessee. The landfill has been 
in operation since 1972 under more than one owner 
and, like all landfills in the State, has come under 
increasingly stringent regulations for the protection of 
environment and health. Several studies have been 
completed by the Tennessee Division of Solid Waste 
Management and consultants for local landowners or 
for the landfill operators regarding the environmental 
effects of the landfill. However, the BCSWA is con- 
cerned that previously undetected contaminants may 
have left the landfill and entered aquifers and streams 
in and around the landfill site. 

A major problem in assessing the environmental 
effects of the landfill is that background water quality 
resulting from other human activities or from natural 
processes is poorly defined at the site. As part of con- 
tinuing studies of human effects on water quality, the 
U.S. Geological Survey (USGS), in cooperation with 
the BCSWA, conducted an investigation of the quality 
of water in streams and springs draining the landfill 
and nearby properties. The purpose of this investiga- 
tion was to determine regional patterns in water qual- 
ity and any apparent effects caused by human 
activities along the Highland Rim escarpment of 
southeastern Bedford County. 

This report presents data collected during the 
observation and measurement of streams and springs. 
Reconnaissance-level data on water conductivity, 
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selected dissolved solids, estimated discharge, and 
aquatic organisms were collected between November 
1994 and April 1995 from 176 sites on 9 streams that 
drain the Highland Rim escarpment. Sites were related 
to each other by conductivity profiles, three of which 
are presented as examples. During a seepage investi- 
gation, water samples were collected for laboratory 
analysis of major ions, nutrients, selected metals, and 
scans for organic compounds at 26 sites on the 9 
streams. The distribution of water types is shown by a 
map. Selected data are illustrated by bar graphs of 
constituents and by chromatographs of samples. 

The authors thank local landowners who 
allowed access to measurement sites on their proper- 
ties. In addition, the authors gratefully acknowledge 
the following colleagues in the U.S. Geological Sur- 
vey who helped them collect, process, and prepare the 
data for publication: 

R.A. Aycock T.D. Holt 
M.W. Bennett D.E. League 
A.K. Brachmann J.F. Lowery 
D.E. Butner J.M. Shelton 
F.E. Edwards W.J. Wolfe 
J.T. Hamilton 

and the following colleagues who, with the authors, 
formed the report review team, which expedited the 
report to publication: 

E.G. Baker 
B.H. Balthrop 
M.W. Bradley 
C.J. Davis 

H.C. Mattraw, Jr. 
R.L. Mitchell III 
J.A. Robinson 

SITE DESCRIPTION AND 
HYDROGEOLOGIC SETTING 

The study area is in south-central Tennessee 
within southeastern Bedford County and a small part 
of northeastern Moore County (fig. 1). The Quail Hol- 
low landfill is 1.9mi north of Motlow State Commu- 
nity College. Land surface altitude ranges from 800 ft 
along northern Thompson Creek, which is in the Cen- 
tral Basin physiographic region of Tennessee (Miller, 
1974, p. 5), to 1,lOOft along upper Hurricane Creek, 
which is in the Highland Rim physiographic region. 
The outcrop of the base of the Chattanooga Shale 
(Wilson, 1969, 1970) approximates the boundary 
between the two physiographic regions (fig. 1). Drain- 
age basins of the following nine streams are included 
in the study area, from north to south: Renegar, 
Anthony, Anderton, Powell, Bennett, “County Line,” 

Daniel Hollow, and Prince Branches, and Hurricane 
Creek. All but Hurricane Creek drain the escarpment 
from the Highland Rim in the southeast to the Central 
Basin in the northwest. Land use is predominantly 
deciduous forest or pasture. 

Near the headwaters of the escarpment streams, 
the Highland Rim is capped by cherty, clay-rich 
regolith and chert slabs weathered from the Warsaw 
Limestone and Fort Payne Formation, which overlie 
the Chattanooga Shale (Wilson, 1969, 1970). Underly- 
ing 20ft of black, fissile Chattanooga Shale is a 
sequence of Ordovician limestone (fig. 2) consisting 
of thin-bedded, clay-rich limestone units which alter- 
nate with thick-bedded, clay-free limestone units. The 
hydrogeologic sequence is Warsaw Limestone and 
Fort Payne Formation (aquifers), Chattanooga Shale 
(confining unit), Leipers and Catheys Formations 
(minor aquifers), Bigby-Cannon Limestone (aquifer), 
and Hermitage Formation (confining unit). Several 
wet caves in the study area are located within either 
the Bigby-Cannon Limestone or the basal part of the 
Leipers and Catheys Formations (Gerald Moni, Cum- 
berland Chapter, National Speleological Society, writ- 
ten commun., 1995). 

RECONNAISSANCE DATA 

Intermittently from November 1994 through 
April 1995, streams and springs in nine drainage 
basins were observed and measured. Streamflow was 
at base flow during all but one site visit (March 9, 
1995). Headwater reaches were walked, and lower 
reaches were observed from farm roads. Greatest 
attention was given to headwater reaches in and 
around the landfill as illustrated by the density of sites 
(figs. 3 and 4). 

During November 2, 1994, through Febru- 
ary 22,1995, and on March 21 and April 25,1995, 
water conductivity, temperature, and pH were mea- 
sured at the initial sites. Beginning March 3, 1995, 
conductivity, temperature, dissolved oxygen, pH, and 
infrequently turbidity were measured at the remaining 
sites. All meters were calibrated in the field or in the 
office on the day of reconnaissance using two or more 
laboratory standards. 

Discharge was estimated as the product of the 
stream mean width, mean depth, and observed veloc- 
ity. The abundance of aquatic invertebrates was esti- 
mated by counting all individual organisms on five 
rock samples of about 4-in. diameter that were picked 
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from the stream bottom. A 250mL sample was col- 
lected at many sites for chemical analysis of the water 
using a portable laboratory in the office. Calibration 
standards were run at the beginning and end of each 
analytical session. Analyses included some or all of 
the following: alkalinity, chloride, nitrate as N, and 
total iron. 

Because hydrologic conditions changed during 
the reconnaissance period, site 3005 near the mouth of 
Anderton Branch was selected to monitor trends in 
conductivity (fig. 5). Conductivity at this site changed 
less than 10 percent during reconnaissance sampling 
with the exception of a dry period in early November 
1994 and on March 9, 1995, following a storm. 

The reconnaissance measurements of physical 
properties, selected chemical constituents, and esti- 
mated discharge at 176 sites on the nine streams are 
presented in table 1. Conductivity ranged from 17 to 
617 @/cm, and alkalinity from 1 to 2lOmg/L as 
CaC03. The chloride concentration ranged from less 
than 1 to 60mgIL. Estimated discharge ranged from 
0.001 to 10ft3/s. The reconnaissance measurements of 
benthic macroinvertebrate diversity and abundance are 
presented in table 2. The stream with the greatest 
diversity of organisms per sample was Bennett 
Branch, followed by Daniel Hollow, Prince, Powell 
and Renegar, County Line, and Anthony Branches, 
Hurricane Creek, and Anderton Branch, respectively. 
The stream with the greatest abundance of organisms 
per sample was Prince Branch, followed by Powell, 
Bennett, Renegar, Anthony, and Anderton Branches, 
Hurricane Creek, Daniel, and County Line Branches, 
respectively. These biological samples were collected 
during winter and spring (high) base flow only and, 
therefore, do not provide any information on how the 
biological community might change over time. Addi- 
tional sampling during summer and fall (low) base 
flow would provide information concerning the bio- 
logical integrity of the streams. 

Water-quality changes in the streams are indi- 
cated by the change in conductivity from upstream to 
downstream and from tributary to main stem. Conduc- 
tivity profiles that show these changes are presented 
for Anthony, Anderton, and Powell Branches 
(figs. 6-8, respectively). In general, conductivity is 
less than 50pS/cm at, and upstream of, the base of the 
Chattanooga Shale (fig. 6). Conductivity increases in 
the downstream direction to a value generally between 
200 and 300FS/cm near the confluence with a receiv- 
ing stream (figs. 6 and 7). This pattern may be inter- 

rupted and the increase accelerated where the stream 
goes underground along a dry reach (figs. 6 and 7). 

SEEPAGE INVESTIGATION DATA 

On March 22, 1995, stream discharge was mea- 
sured and water samples were collected at 24 sites on 
9 streams during base flow conditions. Additional 
sites, a spring and a seep, were sampled on April 25, 
1995, in order to better define water chemistry in the 
headwaters of Anderton Branch, adjacent to the Quail 
Hollow landfill. 

Discharge was calculated from measurements of 
width, depth, and velocity determined using a pygmy 
current meter, or from weirs or calibrated volumes, 
depending upon the quantity of flow as described in 
Buchanan and Somers (1969). Conductivity, tempera- 
ture, and pH measurements were taken with calibrated 
meters. Discharge measurements were considered 
accurate to within lopercent. 

Water samples collected at the 26 sites were 
analyzed for major ions, nutrients, selected metals, 
and eight samples were scanned for organic com- 
pounds at the USGS Water-Quality Service Unit in 
Ocala, Florida. Major ions were measured in order to 
determine an ionic balance between cations and 
anions. Nutrients were measured in order to detect ele- 
vated concentrations in the streams. Metals were mea- 
sured to determine unusual concentrations of metals 
that might be related to weathering of manufactured 
metallic objects. Eight of the samples were scanned to 
detect the possible presence of man-made organic 
compounds. 

Discharge and results of inorganic analyses are 
presented in table 3. Discharge ranged from less than 
0.01 to 1.8ft3/s. Conductivity ranged from 22 to 591 
pS/cm and dissolved-solids residue from 32 to 324mgIL. 
For freshwater, conductivity is often used as an indica- 
tor of the dissolved-solids concentration; the relation 
between the two for this study area is shown on fig- 
ure 9. Alkalinity ranged from 1 to 201 mg/L as CaC03. 
Dissolved chloride ranged from 0.8 to 49mg/L; and 
dissolved manganese, from 1 to 8,600 pg/L. 

Of the constituents and properties analyzed, 
only pH and four metals at 6 out of 26 sites had values 
that were not within the recommended limits for 
drinking water set by the Tennessee Department of 
Environment and Conservation (1994). The State has 
set secondary maximum contaminant levels for pH, 
iron (Fe), manganese (Mn), and aluminum (Al), and it 
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Figure 5. Conductivity of water at site 3005, near the mouth of Anderton Branch near 
Raus, Bedford County, Tennessee. 
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Figure 8. Conductivity profile for Powell Branch at Raus, 
Bedford County, Tennessee, November 3, 1994, and March 22 
and 30.1995. 
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Figure 9. Relation between specific conductance and dissolved-solids residue in water from Bedford and 
Moore Counties, Tennessee. 

has set primary maximum contaminant levels for 
nickel (Ni). For pH, values must lie outside of a range 
in values in order to exceed. Results are summarized 
as follows: 

Sites exceeding contaminant level 
Property Maximum Anthony Anderton 
or con- contaminant Branch Branch Hurricane Creek 
stituent level 2060 3090 3173 9005 9025 9050 

PH ~6.5 or >8.5 x X X X X 

Fe 300 pg/L X X X X 

Mn 50w- X X X 

Ni 100 pg/L X X 

Al 2oopgn X X X 

Several water types occur in the study area and 
are shown by the shape of the “diamond” (fig. 10). 
Different shapes indicate different water types. For 
example, the shape for Kemp’s seep (3173) is mark- 
edly different from Renegar Branch (1045) or Hurri- 
cane Creek (9005). Conductivity (fig. 11) is lowest for 
sites on the Highland Rim (9005,9025, and 9050) and 

highest for two sites adjacent to the landfill (3090 and 
3 173). In general, laboratory values for chloride 
(fig. 12) are less than 5 mg/L except at sites with small 
discharge near the landfill (3045,3090, and 3173). 
Dissolved manganese values (fig. 13) are highest for 
Sons’ Spring and Kemp’s seep adjacent to the landfill 
(3090 and 3 173). 

Organic compound scans were conducted using 
the gas chromatography/flame-ionization detection 
(GS/FID) method at eight of the seepage sites (K.K. 
Doan, U.S. Geological Survey, written commun., 
1995). This analytical method provided a semi- 
quantitative means for determining the presence and 
estimated concentration of natural and synthetic 
organic compounds. Specific compounds, however, 
were not identified using this technique. Scan results 
from Renegar Branch (fig. 14) were typical of results 
for sites distant from the landfill. Scan results from 
Sons’ Spring and Kemp’s seep adjacent to the landfill 
(figs. 15 and 16) indicated the presence of about 
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Figure 10. Stiff diagrams showing distribution of major constituents in water analyses from seepage investigation, 
Bedford and Moore Counties, Tennessee. 
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Figure 11. Specific conductance of water from the seepage investigation, Bedford and Moore Counties, Tennessee 
(see fig. 10 for site location). 
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Figure 12. Chloride in water analyses from the seepage investigation, Bedford and Moore Counties, Tennessee (see 
fig. IO for site location). 
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Figure 13. Dissolved manganese in water analyses from the seepage investigation, Bedford and Moore Counties, 
Tennessee (see fig. 10 for site location). 
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37 unidentified organic compounds. The estimated 
concentrations ranged between 1 and 10 yg/L for 30 
compounds, between 10 and 40 l.rg/L for 5 com- 
pounds, and between 60 and 100 pg/L for 2 com- 
pounds. 
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